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Abstract of EP0262874 

A method for producing cold-rolled steel sheets which comprises the steps of: producing slabs containing 
0.001 - 0.003 wt.% C, 0.004 wt.% or less N and 0.03 - 0.20 wt.% P, providing that P(wt%) x N(wt.%)</= 3 
x io<-><4> wt.% is satisfied; hot-rolling the slabs into hot-rolled steel strips; cold-rolling the hot-rolled 
steel strips at 60 - 95% reduction ratio into cold-rolled steel strips; and annealing continuously the cold- 
rolled strips at temperature of recrystallization temperature to Ac3 transformation point temperature. The 
slabs further include 0.0005 - 0.0030 wt.% B. The hot-rolling is performed at finishing temperature ranging 
Ar3 transfromation point to Ar3 transformation + 100 DEG C, at coling temperature of 750 DEG C and 
less. 
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© Cold-rolled steel sheets and method for producing cold-rolled steel sheets. 



^© A method for producing cold-rolled steel sheets which comprises the steps of: producing slabs containing 
1^ 0.001 - 0.003 wt% C, 0.004 wt.% or less N and 0.03 - 020 wt% P, providing that P(wt.%) * N(wt.%);- 3 x 10~ 4 
S9wt.% is satisfied; hot-rolling the slabs into hot-rolled steel strips; cold-rolling the hot-rolled steel strips at 60 - 
^ 95% reduction ratio into cold-rolled steel strips; and annealing continuously the dold-rolled strips at temperature 
of recrystallization temperature to Ac3 transformation point temperature. The slabs further include 0.0005 - 
0.0030 wt% B. The hot-rolling is performed at finishing temperature- ranging Ar3 transfromation point to Ar3 
q transformation + 100°C f at coling temperature of 750°C and less. 
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Cold-Rolled Steel Sheets and Method for Producing Cold-Rolled Steel Sheets 

The present invention relates to cold-rolled steel sheets and a method for producing the cold-rolled 
steel sheets, and more particularly to steel sheets having good bake-hardenability and press formability and 
a method for producing such steel sheets. 

in view of reducing vehicle weight, saving fuel consumption and increasing safety, more highly 

5 strengthened steel sheets for automobiles have been strongly demanded. Above all, high strength cold- 
rolled steel sheets for outer panels such as doors and hoods of automobiles, having tensile strength of 35 to 
45 kg/mm 2 and being good not only in bake-hardenability which is obtained by coating and baking process 
following press forming process but also in press formability. Continuous annealing has an advantage in 
giving such bake-hardenability to steel sheets. This is because the continuous annealing is so speedy in 

70 annealing and cooling, in comparison with box annealing that it can retain much of solute carbon in cold- 
rolled steel sheets. The continuous annealing has such a speed in the annealing and cooling process that 
steel sheets produced by the continuous annealing process are inferior, in press forming and deep drawing 
properies, to those produced by the box annealing process. For this reason, various methods of producing 
steel sheets which are good in press forming property, especially in deep drawing property have been 

75 studied. For example, a method for producing cold-rolled sheets having good deep drawing property is 
disclosed in a Japanese Patent Application Laid Open (KOKAI) No. 80726/84 as follows: 

(a) using slabs consisting of: 

C :0.010 wt.% and less; Si: 0.5 wt% and less; 
Mn :0.5 wt.% and less; N: 0.005 wt.% and less; 
20 Sol. Al: 0.05 to 0.20 wt%; P: 0.03 to 0.15 wt.%; and 
the Rest : Fe and impurities inevitable; 

(b) hot-rolling the slabs at finishing temperature of 650 to 850°C and at coiling temperature of 560°C 
and less to produce hot-roiled steel strips; and 

(c) cold-rolling the hot-rolled strips under the conventional terms to produce cold-roiled steel strips, 
25 followed by the process of continuous annealing the cold-rolled strips under the conventional terms. 

This method, however, is disadvantageous in the following points: 

(1) Since extra-low carbon steel is, in general, difficult in allowing over-aging treatment to effectively 

work, it is impossible to effectively control solute carbon in amount Consequently, the steel sheets 

produced by this method have much of solute carbon and high bake-hardenability, while their anti-aging 

30 property at room temperature is inferior to the anti-aging property of steel sheets heat-treated by box 
annealing- process. 

(2) Owing to addition of F in order to improve strength, abnormal coarse grains are easy to be 
formed in the continuous annealing process. Consequently, the steel sheets produced by this method have 
duplex structure, and are apt to cause drop of ductility and occurence of a deficit of surface coaseness 

35 when they are press-formed. 

(3) Owing to the low finishing temperature, growth of abnormal coarse grains is further encouraged. 

It is an object of the present invention to stably and economically produce, by means of continuous 
annealing process, high tensile strength cold-rolled steel sheets for doors and hoods as outer panels of 
automobiles, which have good properties of bake-hardening, press forming and anti-aging with tensile 
40 strength of 35 to 45 kg/mm 2 . 

In accordance with the present invention, a method is provided for producing cold-rolled steel sheets 
which comprises the steps of: 

selecting slabs comprising the compositions of: 
C : 0.001 to 0.003 wt.%; 
45 N : 0.004 wt% and less; 

St : 1.0 wt.% and less; 
Mn : 0.05 to 0.70 wt%; 
S : 0.020 wt.% and less; and 
P : 0.03 to 0.20 wfe%; 
so Sol. Al : 0.01 to 0.15 wt.%, and 

P{w.%) x N(wt.%) being 3 * 10~ 4 wt.% and less 
hot-rolling the slabs into hot-rolled steel strips; 

cold-rolling the hot-rolled steel strips at reduction ratio of 60 to 95%, into cold-rolled steel strips and 
annealing continuously the cold-rolled steel strips at recrystailization temperature AC3 to transformation 
temperature. - 



2 



0 262 874 



Furthermore cold-rolled steel sheets are provided, which comprises: 
C ; 0.001 to 0.003 wt.%; 
N : 0.004 wt.% and less; 
Si : 1 .0 wt% and less; 
5 Mn : 0.05 to 0.70 wt.%; 
P : 0.03 to 0.20 wt%; 
S : 0.020 wt.% and less; and 
Sol. Al : 0.01 to 0.15 wt.%, and 
P(wt%) x N(wt.%) being 3 x 10^ wt% and less. 
70 Other objects and advantages of the present invention will become apparent from the detailed 
description to follow taken in conjunction with the accompanying drawings. 

Fig, 1 is a graphic representation showing influence of carbon content on amount of bake-hardening 
according to the present invention; 

Fig. 2 is a graphic representation showing influence of amount of bake-hardening on anti-aging 
75 property according to the present invention; 

Fig. 3 is a graphic representation showing influence of nitrogen content on Lankford value and 
ductility according to the present invention; 

Fig. 4 is a graphic representation showing influence of nitrogen content and* annealing temperature on 
Lankford value according to the present invention; 
20 Fig. 5 is a graphic representation showing influence of phosphorous content on area ratio of coarse 

grain according to the present invention; 

Fig. 6 is a graphic representation showing influence of nitrogen content on area ratio of coarse grains 
according to the present invention; 

Fig. 7 is a graphic representation showing influence of temperature and time of continous annealing 
25 on area ratio of coarse grains according to the present invention; 

Fig. 8 is a graphic representation showing influence phosphorous and nitrogen content on growth of 
abnormal coarse grains accoridng to the present invention; 

Fig. 9 is a graphic representation showing influence of cold reduction ratio on Lankford value and 
plane anisotropy according to the present invention; 
30 Fig. 10 is a graphic representation showing influence of continuous annealing temperature on 

Lankford value and plane anisotropy according to the present invention; 

Fig. 11 is a graphic representation showing influence of continuous annealing temperature on 
recrystallization ratio according to the present invention; and 

Fig. 12 is a graphic representation showing influence of ferrite grain size on temperature completing 
35 recrystallization according to the present invention. 



Preferred embodiment 1 

40 Firstly, in the present invention, the reasons for limiting chemical composition of steel will now be 
described in respect to each of elements. 



(1 ) Carbon 

45 

Carbon has a work of increasing bake-hadenability. But, if C content is less than 0.001 wt%, a desired 
effect of the work to the back-hardenability cannot be obtained and, in addition, content of other elements 
must be increased to raise strength. On the other hand, if C content is over 0.003 wt%, anti-aging property 
at room temperature becomes inferior, and, moreover, owing to increase of solute carbon, ductility and 

so deep drawability become inferior. Consequently, C content ranges preferably from 0.001 to 0.003 wt%. " 
0.001 to 0.0025 wt.% is more preferable. 

Fig. 1 of the drawing graphically shows how carbon contained in an extra-low carbon cold-rolled steel 
sheets influences bake-hardenability. The bake-hardenabiiity is represented by a balance between a stress 
value and an yield stress value where the stress value is a value obtained when test pieces are given 2% 

55 tensile pre-strain and the yield stress value is a value obtained after the test pieces given the pre-strain are 
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being heated at 170°C for 20 minutes. As clearly recognized from Fig. 1, in the case of C content being 
less than 0.001 wt.%, amount of bake-hardening becomes less than 2 kg/mm 2 and a desired bake- 
hardenabiiity cannot be procured. Consequently, in the present Invention, C content is allowed to be 0.001 
wt.% and more. 

5 Fig. 2 graphically shows influence of amount of bake-hardening on anti-aging property. The anti-aging 
property is represented by an yield point elongation and deterioration of the yield point elongation of test 
pieces to which aging treatment has been applied at 38°C for 30 days. The deterioration of the elongation 
is indicated by a balance between the elongation values before and after the aging treatment As apparently 
understood from Fig. 2, if amount of bake-hardening is over 6.5 kg/mm 2 , the yield point elongation is over 

10 0.5%, and the deterioration of the elongation is over 3.5%. Thus, the anti-aging property becomes inferior. 
Consequently, in the present invention, C content is allowed to be 0.003 wt.% and less, based on the 
relationship given in Fig. 1 , so that amount of bake-hardening may not be over 6.5 kg/mm 2 . If C content is 
0.025 wt.% and less, amount of bake-hardening becomes 5.0 kg/mm 2 , and yield point elongation is further 
encouraged. Consequently, 0.001 to 0.003 wt.% of C content is preferable, and 0.001 to 0.0025 wt.% is 

75 more perferable. 



(2) Nitrogen 

' 20 Nitrogen also plays a role of increasing bake-hardenability as solute N, since the bake-hardenabiiity is 
of aging-hardening caused by C and N, which are both interstitial solute elements. However, if solute N is 
used for the bake-hardening, a drawback occurs that anti-aging property at room temperature becomes 
inferior. Consequently, in the present invention, N is allowed to completely be precipitated and fixed in the 
form of AIN, and, thus, appropriate amount of solute C is allowed to be left, whereby the bake-hardenabiiity 
25 is increased by means of this solute C. 

If N content is over 0.004 wt.%, owing to precipitation of minute nitrides being increased, the ductility is 
unfavorably affected, in addition, by those precipitated minute nitrides, growth of crystallization of grains in 
the continuous annealing process is impaired and deep drawabiiity becomes inferior. 

Rg. 3 graphically shows influence of N content on Lankford value and ductility according to the present 
30 invention. Test pieces have been prepared on the following conditions: 
Slab Compositions: 4 kinds of N% 

N wt.% : 0.001 1 , 0.001 8, 0.0038 and 0.0065; 
C wt.% : 0.0028; and 
P wt% : 0.08 
35 Hot-rolling : finishing at 910°C and coiling at 560 °C 
Cold-roiling: reduction at 80% 
Continuous annealing : at 800°C 

Apparently recognized from Rg. 3, if N content is over 0.004 wt.%, Lankford value and ductility is 
lowered. In the case of N content being 0.0025 wt.% and less, in particular, Lankford value and ductility are 
40 excellent Moreover, even if coiling is carried out at the vicinity of 560°C, there is an advantage that fairly 
good deep drawabiiity can be obtained. 

In general, if coiling temperature of hot-rolled steel strips is low, AIN is not fully precipitated In the hot- 
rolled steel strips. For this reason, as the result that solute N exists in the hot-rolled steel strips, growth of 
texture desirable for deep drawabiiity is impaired. However, if N content is exceedingly low i.e. 0.0025 wt.% 
45 and less, owing to decrease of solute N in amount, deep drawabiiity is improved. 

Fig. 4 graphically^ shows influence of N content and annealing temperature on Lankford value according 
to the present invention. In Rg. 4, (A),(B),(C) f (D) and (E), each, show N contents and cold reduction ratios 
listed in Table 1 below. Note that the terms of hot-rolling and continuous annealing are same as mentioned 
in respect to Rg. 3. 

so 



55 



4 



0 262 874 



Table 1 



5 


m 


N content (wt.%) 

• 


Cold Reduction 
Ratio (%) 




(A) 


•0.0011 


85 




(B) 


0.0011 


70 • 


10 


(C) 


0.0018 


70 




(D) 


0.0038 


70 




(E) 


0.0065 


70 



is As clearly understood from Fig.4, the lower N content is, the more remarkably Lankford value, due to 
high temperature annealing, is improved. Particularly in case (B) that N content is 0.0011 wt.% and cold 
reduction ratio is 85%, super-drawing quality cold-rolled steel sheets with Lankford value of 2.0 and more 
are produced. Consequently, it is preferable that N content is 0.004 wt% and less. Note that owing to N ! s 
feature of restraining growth of abnormal coarse grains, it is more preferable that N content satisfies the 

20 terms mentioned hereinafter in relation to P content, in order to produce cold-rolled steel sheets having 
good ductility, and anti-coarsing in their surface. 



(3) Phosphorous 

25 

Posphorous has a role of increasing strength and improving plane anisotropy of steel. Namely, ferrite 
grains contained in hot-roiled extra-low carbon steel strips has become coarsened, and, resuitantly, if those 
hot-rolled extra-low carbon steel strips are cold-rolled, and, subsequently, annealed continuously, there is a 
disadvantage in that the plane anisotropy may be increased. However, if an appropriate amount of 
30 phosphorous is added, the ferrite grains become small, considering extra-low carbon steel. Thus, the 
addition of P improves the plane anisotrophy. 

However, if P content is less than 0.03 wt%, the above mentioned effect cannot be attained. On the 
contrary, if it is over 020 wt.%, ductility, deep drawabiiity and brittleness in forming process to follow, 
become inferior. Consequently, the range of 0.03 to 0.20 wt.% of P content is preferable. 

35 

> 

(4) P(wt%) * N(wt.%) 

■ 

P is a very effective element, since it increases strength of steel property and still hardly impairs press 
40 formability of the steel property, and, besides, is inexpensive. But, if P is included in extra-low carbon steel 
sheets, abnormal coarse grains are apt to grow during the continuous annealing process. For example, 
coarse grains grew up in an operation on the following conditions: 

Slab Composition: extra-low carbon steel containing 0.0025 wt.% C, 0.15 wt.% P and 0.0042 wt.% N 
Hot-rolling: finishing at 910°C and coiling at 560°C 
45 Cold rolling: reduction at 75% 
Continuous annealing: at 850 °C 

Fig. 5 graphically shows influence of phosphorous content on area ratio of coarse grains according to 
the present invention. In Fig. 5, (A) contains 0.01 wt% P, (B) 0.08 wt% P, and (C) 0.15% P, each, in test 
pieces of cold-rolled steel products, graphically showing changes of their area ratios of coarse grains in 
so compliance with lapse of continuous annealing time. The production was carried out on the following 
conditions: 

Slab Composition: extra-low carbon steel containing 0.0025 wt% C, and 0.002 wt.% N 
Hot-rolling: finishing at 91 0°C and coiling at 560°C 
Cold rolling: reduction at 75% 
55 Continuous annealing: at 900 0 C 
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As apparently shown in Rg. 5, an area ratio of coarse grains of test piece (C) containing 0.15 wt% P 
was approximately 60% in one minute continuous annealing. On the other hand, an area ratio of coarse 
grains of test piece (A) containing 0.01 wt% P was almost 0% in one minute continuous annealing process. 
In this manner, abnormal coarse grains are apt to grow particularly in the case of ultra-low carbon steel 
5 having C content of 0.003 wt% and less, and having good anti-aging property, because of having much of 
P necessarily contained in order to procure strength of products. In addition, abnormal coarse grains are 
also apt to grow in the case of N content being high. 

' Fig. 6 graphically shows influence of nitrogen content on area ratio of coarse grain according to the 
present invention, in Fig. 6, (A) contains 0.001 1 wt.% N, (B) 0.0028 wt.% N and (C) 0.0042 wt.% N, each, in 
io test pieces of cold-rolled steel products. The production was carried out on the following conditions: 
Slab Composition: extra-low carbon steel containing 0.0025 wt.% C, and 0.15 wt% P 
Hot-rolling: finishing at 91 0°C and coiling at 560°C 
Cold rolling: reduction at 75% 
Continuous annealing: at 850°C 
75 ' As apparently recognized from Rg. 6, an area ratio of coarse grain of test piece (C) is 100% in one 
minute continuous annealing, while an area ratio of coarse grain of test piece (A) is 0% in one minute 
continuous annealing. Furthermore, since growth of abnormal coarse grains occurs owing to the second 
recrystallization reaction, the abnormal coarse grains are apt to grow, as continuous annealing temperature 
is becoming higher and continuous annealing time longer. - 
20 Rg. 7 graphically shows influence of continuous annealing temperature and time on coarse grain ratio 
according to the present invention. In Fig. 7 (A) is at 800°C, (B) 850 D C and (C) 900°C, each", in respect to 
continuous annealing temperatures the other conditions being as follows: 
Slab Composition: extra-low carbon steel containing 0.0025 wt.% C, 
0.147 wt.% P and 0.0028 wt.% N 
25 Hot-rolling: finishing at 91 0 0 C and coiling at 560 0 C 
Cold rolling: , reduction at 75% 

As apparently understood from Rg. 6, an area ratio of coarse grains of a test piece heat-treated at 
900° C is 60% in one minute continuous annealing, while another area ratio of coarse grain of a test piece 
heat-treated at 800°C is 0%. in either of the cases, the longer the continuous annealing time becomes, the 
30 more the area ratio of coarse grans increases. It should be noted that abnormal coarse grains are apt to 
grow at coiling temperature of 660 °C and less, since the occurence of the abnormal coarse grains is also 
related to the coiling temperature. From these points of view, it has been found that, in order to supress the 
second recrystallization reaction during the continuous annealing process for the restraint of the abnormal 
coarse grain's growth, and to produce cold-rolled steel sheets having good ductilty and anti-coarsing 
35 property on surface, controlling both of P and N in their mutual relationship is preferable. 

Rg, 8 graphically shows influence of P and N contents on growth of abnormal coarse grains according 
to the present invention. In Rg. 8, symboie marks x , O and © , each, show the following: 
x : abnormal coarse grains grew at 850°C in one minute continuous annealing 
O: abnormal coarse grains grew at 850°C in two minute continuous annealing, although they did not 
40 at 850°C in one minute continuous annealing 

® : abnormal coarse grains did not grow even at 850°C in two minute continuous annealing 
From Rg. 8, it has become clear that if P(wt.%) x N(wt%) £ 3 x 10~ 4 wt% is satisfied, the growth of 
abnormal coarse grains due to the second recrystallization reaction does not occur during one minute 
annealing at 850°C, and, furthermore, that if P(wt%) x N(wt.%)£ 2 x 10~* wt% is satisfied, the growth of 
45 abnormal coarse grains due to the second recrystallization reaction does not occure even during two minute 
continuous annealing process at 850°C. Curve A shows P(wt%) x N(wt%) = 3 x 10 H wt.%, and Curve B 
P(wt%) x N(wt%) « 2 x 10~ 4 wt.%. Consequently, it is preferable that P and N contents satisfy the 
formula of P(wt.%) x N(wt%) £ 3 x 1G~ 4 wt.%, and more preferable that P and N contents satisfy the 
formula of P(wt%) x N(wt.%) £ 2 x 10~* wt%. The cause that the growth of abnormal coarse grains occurs 
so during the continuous annealing is presumed to be that recrystallization grains become minuter when P 
content is large, and that minute precipitates of AIN increase when N content is large, thereby to have the 
growth of ferrite grains weakened. Furthermore, due to P, increase of the minute AIN precipitates is 
encouraged. Consequently, the more P and N contents increase, the minuter the first recrystallization grains 
become and the worse growth of normal grains. As this result, the second recrystallization reaction is 
55 promoted when continuous annealing is performed at high temperature.. 
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(5) Silicon 

: 
I 

Silicon has a role of increasing strength of steel as Phosphorous does. But, since Si is an element 
being strongly oxidative, if more than 1 .0 wt.% Si is contained, surface property of cold-rolled steel sheets 
5 becomes inferior. Accordingly, the range of 1 .0 wt.% and less of Si content is preferable. Furthermore, 0.5 
wt.% and less of Si content is preferable when good smoothness of the surface property, in particular, is 
demanded. In addition, when -cold-rolled steel sheets are used for hot dip galvanizing, 0.1 wt% and less of 
Si content is preferabie to obtain good zinc adhesion property. 

w 

(6) Manganese . 

Manganese has an effect of fixing S, which is impurity, in the form of MnS to supress hot-brittleness of 
steel property. However, if Mn content is less than 0.5 wt.%, the effect can not be obtained. On the 
75 contrary, deep drawability of cold-rolled steel sheets is lowered. Consequently, Mn content ranges 
preferably from 0.05 to 0.20 wt.%. 



(7)Sulfer 

20 ■ 

Suifer impairs formability of steel through formation of sulfides when sulfer content is over 0.020 wt.%. 
Therefore, 0.02 wt% and less of S content is preferable. 



25 (8) Sol. Al 

Sol. Al has an effect of deoxidation and fixation of N, which is harmful for anti-aging property of steel, 
by precipitating N in the form of AIN. But, if Sol. Al content is less than O.t wt.%, the effect cannot be 
attained. On the contrary, if Sol. Al content is over 0.15 wt, the production cost becomes expensive. Thus, 
30 the range of 0,01 to 0.15 wt.% is preferable. 

Furthermore, in order to ensure fixation of N contained in steel through precipitation of N even if hot 
coiling is carried out at a low temperature and continuous annealing is carried out in a short time, 0.03 to 
0.1 5 wt.% of Sol. Al content is preferable. 

35 

(9) Boron 

Boron has an effect of fixation of N in the form of BN through deposition, thereby to reduce precipitation 
amount of minute AIN. BN is a nitride having a considerably large grain size, and has no danger of 

40 worsening growth of normal size grains. Accordingly, in the present invention, B is allowed to be added 
supplementally and optionally as is required. However, if, regarding B content, B/N, an ratio represented by 
means of atomic weight, is over 1 , solute B remains in steel, and resultantfy worsens deep drawability of 
cold-roiled steel sheets. Consequently, it is preferable that B content satisfies the terms of B/N Si. In this 
case, it is preferable that the above-mentioned formula of P(wt.%) x N(wt.%) is replaced by the formula of 

45 P(wt.%) X {N (wt%)-(14/11) x B (wt.%)}, and the terms of P(wt.%) x {N (wt.%)-(14/11) x B(wt.%)} £ 3 x 
10~ 4 wt.% is preferable. In addition, B has a further effect of increasing deep drawability and reducing plane 
anistorpy, by work of making a ferrite structure of hot-rolled steel sheets minute. Generally, Aft, transforma- 
tion point temperature rises if C and N contents are small. Beside that if P and Si, elements forming a 
ferrite structureare added, Aft transformation point temperature further rises. Furthermore, in order to 

so produce deep drawing quality cold-rolled steel sheets, it is necessary to have hot-coiling temperature 
increased upto Ar3 transformation point temperature and higher. B has a further effect of supressing ferrite 
transformation to decrease Aft transformation point temperature, and is advantageous in that B allows easily 
hot-rolling to be stable in operation at high finishing temperature. For this effect, B content ranges 
preferably 0.0005 to O.0030 wt.%. If B content is less than 0.0005 wt.%, the effect does not occur, while 

55 deep drawability is worsened, if over 0.0030 wt.%. 
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(10) Titanium 

Titanium has an effeect of fixing N in the form of TiN through precipitation to reduce precipitation 
amount of minute AIN. TiN is a nitride having a considerably large grain size and has no danger of 
s worsening growth of normal size grains. Accordingly, in the present invention, Ti is allowed to be added 
supplementally and optionally as is required. However, if, regarding Ti, Ti/N, a ratio represented by atomic 
weight is over 1, excessive amount of Ti fixes solute C in the form of TiC through precipitation and, 
therefore, bake-hardenability cannot be satisfactorily attained. Furthermore, temperature necessary for 
recrystallization is forced to rise, and, in addition, dispersion of minute TiC worsens growth of normal size 
io grains. This results jn allowing the second recrystallization to easily occur. 

Consequently, it. is recommendabie that Ti content satisfies the terms of Ti/N £ 1. In this case, the 
abovementioned formula of P(wt%) x N(wt.%) is replaced by the formula of P(wt.%) x {N(wt%) -(14/48) x 
Ti(wt%)}, and the terms of P(wt%) x {N(wt.%} - (14/48) x Ti(wt.%)} 3 3 x VF* wt%. Furthermore, in the 
case that both of B and Ti are added, it is preferable that B/N + Ti £ 1 is satisfied, and that P(wt%) x {N- 
15 (wt%M14/1 1) * B(wt.%) - (14/48)*Ti}:S 3 x 1Q~ 4 wt%. 

Note that steel having chemical compositions described hereinbefore is made by a converter and 
vacuum degasing equipment in combination. 

Secondly, operational terms of hot-roiling, cold rolling and continuous annealing of the present invention 
will now be described. 

20 

(1 ) Terms of Hot Rolling 

m 

Finishing temperature in hot-rolling slabs to produce hot-rolled steel strips ranges from Ars transfonrna- 

25 tion point temperature to Ara transformation point temperature + 100°C. If the finishing temperature is over 
Ar3 transformation point temperature + 100°C, hot-rolled ferrite structure become coarsened and, deep 
drawability and plane anistrophy are lowered. 

Coiling temperature ranges preferably 750 °C and less. When coiling is performed at 660 to 750 °C and 
solute N is fixed in the form of AIN through full precipitation, excellent deep drawability can be attained. If 

30 the coiling temperature is over 750°C, the effect in increasing deep drawability gets suturated, and this 
results in disadvantages in that hot-rolled ferrite structure is coasened, abnormal coarse grains grow up and 
efficiency in removing scale is lowered owing to much increase of the scale in quantity. Conventionally to 
produce deep drawing quality cold-roiled steel strips through continuous annealing, the coiling temperature 
has been customarily kept 660°C and more. According to the present invention, the coiling temperature is 

35 not necessarily kept 660°C and more, i.e. even when hot-rolled steel strips are coifed at the vicinity of 
300°C, steel sheets having good deep drawability and Lankford value of approximately 1.4 are finally 
produced. Since high temperature coiling has a drawback of reducing efficiency in removal of scale owing 
to much increase of the scale, low temperature coiling as mentioned above has great merits in operation. 
The reason for the coiling temperature having been customarily maintained high is to allow carbides 

40 and nitrides to be precipitated and aggregated, thereby reducing, in amount, solute C and N which have 
appeared at recystallization annealing during continuous annealing process. 

On the contrary, in the present invention, owing to remarkable reduction of C and N contents, amount of 
solute C and N appearing at recrystallization annealing is reduced, and this is considered to result in 
improving deep drawability. A reduction schedule of hot-rolling and a cooling pattern -performed on a run 

45 out table can be based on ordinary conditions. Furthermore, the following performance is very effective in 
making minute ferrit structure formed by hot-rolling, thereby to improve deep drawability and to reduce 
plane anistropy: 

- (a) arranging more precisely finishing and coiling temperatures 

(b) raising up reduction ratio greatly at the last half stage in finish roiling 
so (c) cooling rapidly hot-rolled strips as early as possible at the first half stage of cooling on a run out 

table. 

Hot-rolling can be any of those: rolling directly slabs as produced through continuous casting; rolling 
slabs heated at high temperature in a heating -furnace after production thereof through continuous casting; 
and rolling slabs heated in a heating furnace, the slabs have been at room temperature. 

55 



0 262 874 



(2) Terms of Cold Rolling 

Reduction ratio ranges preferably 60 to 95 %. Fig. 9 graphically shows influence of cold reduction ratio, 
on Lankford value and plane anistropy. Test pieces taken from cold-rolled strips which have been produced 
on the following conditions: 

Slab composition: extra-low carbon steel containing 0.002 wt.% C, 0.25 wt.% Si and 0.04 wt.% P 

Hot-roiling: finishing at 900°C, and coiling at 550°C and -680°C 

Cold-roiling : reduction at 60 to 90% 

Continuous annealing: at 800° C 

From the test-pieces having tensile strength of 35 kg/mm 2 class, their Lankford value and plane 
anistrophy were studied. In Fig. 9, (A) is an influence in the case of the 550°C coiling temperature, and (B) 
in the case of the 680°C coiling temperature. 

As clearly understood from Fig. 9, if the reduction ratio is less than 60%, deep drawability cannot be 
satisfactorily attained, while, If over 95%, rolling by means of an ordinary tandem mill is difficult The plane 
anistorpy Is the largest when the reduction rate is about 70%. Consequently, the reduction ratio is 
preferably set to 75% and more. 



(3) Terms of Continouous Annealing 

Continuous annealing temperature ranges from recrystallization temperature to'Ac 3 transformation point 
temperature. Fig. 10 graphically shows influence of the continuous annealing temperature on Lankford value 
and plane anisotropy. Test pieces taken from cold-rolled steel strips which have been produced on the 
following conditions: 

Slab Composition: extra-low carbon steel containing 0.002 wt% C, 0.25 wt.% Si and 0.04 wt.% P 
Hot-rolling : finishing temperature at 900 °C, and coiling temperature at 550° C and at 680 °C 
Cold-rolling : reduction at 80% 
Continuous Annealing : at 700 °C to 900°C 

From the test pieces having tensile strength of 35 kg/mm 2 class, their Lankford value and plane 
anisotropy were stuided. In Fig. 10, (A) is an influence in the case of the 550°C coiling temperature, and 
(B) in the case of the 680°C coiling temperature. 

Hitherto, to produce deep drawing quality cold-rolled steel sheets, the continuous annealing temperature 
has been required to be 800°C and more. According to the present invention, however, the high 
temperature of 800°C and more is not necessary. Cold-rolled steel sheets having good deep drawability 
can be produced even at a continuous annealing temperature of the vicinity of 700°C just above the 
recrystallization temperature, and cold-roiled steel sheets having a Lankford value of 1.4 can be produced 
even at a coiling temperature of 550°C. 

If the continuous annealing temperature is lower than the recrystallization temperature, deep drawability 
cannot be satisfactorily attained. On the contrary, if it becomes Ac3 transformation point temperature and 
more, the structures become randomized, and, resultantly, the deep drawability becomes the worse. 

The reason why deep drawing quality cold-rolled steel sheets can be produced as described in the 
foregoing is that minute carbides and nitrides rarely are precipitated because of having used high purity 
steel which has no elements forming carbides and nitrides, and has least C and N contents. Enabling, thus, 
to producing, at the low continuous annealing temperature, cold-roiled steel sheets having good deep 
drawability is one of the most remarkable characteristics of the present invention, and this low temperature 
can attain reduction of production cost. 



Preferred Embodiment 2 

In the case of producing high purity steel, ferrite structure, of steel formed by hot-roiling become 
coarsened, depending of the terms of hot-rolling. When the ferrite structure is coarsened, in the case of low 
continuous annealing temperature, recrystallization becomes slow and incomplete. 

Rg. 11 graphically shows influence of annealing temperature on recrystallization ratio according to the 
present invention, (A) shows an influence in the case of ferrite grain size No., formed by hot-rolling, being 
7.8, and (B) in the case of ferrite grain size No., formed by hot-rolling, being 6.6. The operation conditions 
are as follows: 
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Operation (A): 

Slab composition :extra»low carbon steel containing.0.002 wt% C, 0.25 wt% Si, 0.04 wt% P and 
0.002 wt.% N 

5 Hot-rolling finishing at 900°C and coiling at 680°C 

Cold-roliing reduction at 80% 
Continuous annealing rat 500 to 800 °C for 30 sees. . * 



70 

Operation (B): 

Slab Composition* :extra-low carbon steel containing 0.002 wt.% C, 0.25 wt% Si, 0.04 wt.% P and 
0.002 wt % N 

75 Hot-rolling finishing at 960°C and coiling at 710°C 

Cold-roiling reduction at 80% 
Continuous Annealing : at 500 to 800°C for 30 sees. 

As apparently recognized from Fig. 1 1 , in the case of ferrite grain size of No. 7.8, recrystallization ratio 
20 of ferrite is 100%. However, in the case of ferrite grain size of No. 6.6; to allow the ferrite to be 100%, the 
annealing temperature has to be raised upto 800°C. 

Fig. 12 gaphicaliy shows influence of ferrite grain size by hot-rolling on completion temperature of 
recrystallization according to the present invention. This shows temperatures enabling ferrite grains formed 
by hot-rolling to complete 100% recrystallization when cold-rolled steel sheets are produced on the 
25 following conditions: (a) slabs of extra-low carbon steel containing 0.002 wt.% C, 0.25 wt.% Si, 0.04 wt% P 
and 0.002 wt% N are hot-rolled to produced hot-roiled steel strips providing that finsihing and coiling 
temperatures are varied; (b) the hot-rolled steel strips having various ferrite grain sizes are cold-rolled to 
produce cold-rolled steel strips at 80% reduction ratio; and (C) the cold-roiled steel strips are continuously 
annealed for 30 seconds. The hot-rolling and coiling temperatures varied are shown in Table 2 below. 

30 



Table 2 





Finishing Temps . ( °C ) 


Coiling Temps . ( °C ) 


Ferrite 


5.8 


860 


500 


grain size 


6-4 


960 


680 


Nos. by 


6.6 




500 


Hot-rolling 


7.1 


900 


■ 680 




7.8 


910 


680 




8.0 


910 


500 



45 As apparently seen from Figs. 11 and 12, it is recommendable that, to obtain 100% recrystaliized ferrite 
grains formed by hot-roliing through continuous annealing at temperature less than 800°C, ferrite grain size 
of structure is a minute grain size of No. 7.0 and more. Furthermore, to allow the ferrite grain size to be No. 
7 or more, it is recommendable that finishing temperature ranges from Aft transformation point temperature 
to Ar3 transformation point temperature + 60°C, and that coiling temperature is 700°C and less. In addition, 

so the following is also effective in making minute the ferrite grain size of the structure: 

(a) allowing steel to contain 0.03 to 0.2 wt.% P 

(b) adding B so that B/N, a ratio of atomic weight, may be 1 or less 

(c) applying strong reduction at the last half stage in finish roiling 

(d) coiling rapidly at the first half stage of run-out spraying in cooling hot-rolled steel strips 

55 It should be noted that it is useful to ensure a desired finishing temperature of edge portions of steel 
strips being hot-rolled by using a heater, since most of portions of steel strips whose recrystallization 
becomes slow are the edge portions whose finishing temperature drops. 
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As above described, the present invention enables to complete 100% recrystaliization of ferrite and to 
obtain a desired deep drawability, even if the annealing temperature is low temperature less than 800°C. 
Moreover, the present invention enables improving the deep drawability remarkably, if the annealing 
temperature is raised upto 800°C and more, since this method of the present invention allows crystal grains 

5 to grow smoothly and desirably without danger of occurence of abnormal coarse grains due to the second 
recrystaliization. Particularly in the case of steel containing 0.001 wt.% N i.e. exceeding low content, by 
means of raising continuous annealing, temperature upto 850°C, this method can increase Lankford value 
by approximately 0.4, in comparison with the case of the continuous, annealing temperature being 700 °C. 
Consequently, the present invention allows to produce, in considerable low cost, super deep drawing quality 

70 cold-rolled steel strips having 1 .8 and more Lankford value, which have hitherto been limited only to extra- 
low carbon cold-rolled steel strip sheets to which elements forming strongly carbides and nitrides have 
been added. 

The continuous annealing time is about 10 seconds enough to complete 100% recrystaliization of ferrite 
grains. Provided, however, that when the coiling temperature is low, it is desirable for the continuous 

15 annealing time to be least 30 seconds at 750 D C annealing temperature, and, to be at least about 60 
seconds at less than 750°C annealing temperature, since it is recommendable to have solute N completely 
precipitated and fixed in the form of AIN during the continous annealing. 

There is no need for limiting specifically heating speed and cooling speed in the continuous annealing 
process. Over-aging treatment on the way of or after cooling process can be performed as is required. 

20 Heating method during the continuous annealing process can be any one of those which are radiant 
tube heating, direct fire heating and induction heating. Cooling method during the continuous annealing 
process can be anyone selected from those which are water quenching, hot water quenching, gas-jet 
cooling, water-cooled-roll cooling and water-and-gas mix cooling. Cold-rolled steel sheets according to the 
method of the present invention can also be used satisfactorily as base sheets for surface treated steel 

25 sheets. 



Bcamete 

30 Test pieces of No. 1 to No. 19 having chemical compositions as shown in Table 3 were taken from 
cold-rolled steel sheets which had been produced, based on the conditions of hot-rolling, coid-roiiing and 
continuous annealing as shown in Table 3. The chemical compositions, each,- fell in the scope of the 
present invention. 

The cold-roiled steel sheets for the sample pieces were produced in a process, wherein steel ingots 
35 containing chemical compositions were prepared through a converter and vacuum degassing equipment in 
combination, and slabs, produced through slabbing the steel ingots, were through hot-rolling and cold-rolling 
followed by continuous annealing on the conditions as shown in Table 3. 

The test pieces of Nos. 1 to 19 were checked with respect to yield strength (Y.P.), tensile strength 
(T.S.) elongation (El), ductility (n-value), deep drawability (r), plane anisotropy (Ar), amount of bake- 
40 hardening (BH) and occurence of growth of abnormal coarse grains. The results were shown in Table 5. 
Any and ail of the test pieces made good marks with respect to yield strength (Y.P.), tensile strength (T.S.) 
elongation (El); ductility (n-vaiue), deep drawability (r), plane anisotropy (Ar) and amount of bake-hardening 
(B.H). No growth of abnormal coarse grains occurred therefrom. The test pieces showed good anti-aging 
property at room temperature, and, in the aging treatment at 38 °C for 30 days, the yield point elongation 
45 (YPB) was 0.5% and less, and the drop of the elongation was 0.35% and less. In addition, from steel slabs, 
each, having the same chemical composition as same as pieces Nos. 6 and 7, or Nos. 10 through 14, cold- 
rolled steel strips having various steel properties could be produced by means of varying terms and 
conditions of hot-roiling, cold-rolling and continuous anneaiing. 

50 
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Tabic 3 



75 



20 



25 



30 



' 35 



40 



45 



No. 


Hot-rolling 


Cold-rolling 


Continuous annealing 




Finishing 


Coiling 


Cold Reduction 


Annealing 


Annealing 

#» 




Temp.( C) 


Temp.( C) 


Ratio (%) 


lemp.t 0; 


lime (nun . ) 


1 


910 


560 


80 


800 




2 


910 


560 


80 


800 


1 


3 


910 


560 


80 


800 


1 


4 


910 


560 


75 


*«i r - ^"v 

850 


1 


5 


910 


560 


75 


850 


1 


6 


900 


560 


75 


850 


1 




870 


560 


75 


• 

850 


1 


8 


900 


560 


75 


850 


1 


9 


870 


560 


75 


850 


1 


10 


900 


560 


85 


700 


1 


11 


900 

» 


560 


70 


800 


0.5 




900 


680 


70 


700 


0.5 


13 


900 


680 


70 


800 


0.5 


14 


900 


680 


85 


850 


1 


15 


900 


560 


75 


800 


1 


16 


900 


680 


75 


800 


0.5 


17 


900 


560 




850 


1 


18 


870 


560 


80 


850 


1 




870 


560 


80 ' 


850 


1 
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For comparison, test pieces of Nos. 20 to 26 were taken from cold-rolled steel sheets which had been 
produced on the conditions of hot-rolling and cold-rolling, followed by continuous annealing as shown in 
Table 6. The cold-roiled steel sheets were produced in a process wherein steel ingots with chemical 
55 compositions as shown in Table 7 was prepared by means of both a converter and vacuum degassing 
equipment in combination, and slabs, made from the steel ingots, were rolled through hot-rolling and cold- 
rolling, followed by continuous annealing on the conditions as shown also in Table 6. The test results of the 
test pieces of Nos* 20 to 26 are given in Table 8. 
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10 



Test piece No. 20 whose N content and formula of P(wt.%) x N(wt%) were out of the scope of the 
present invention, marked poor not only in ductility (n-value) but also in deep drawability (r), and therefrom 
abnormal coarse grains grew up. Test piece No. 21 having P content which was out of the scope of the 
present invention showed low points both in yield strength (Y.P.) and tensile strength' (T.S.). Test pieces 
Nos. 22 and 23 whose formula of P (wt%) x N(wt%) failed to be within the scope of the present invention, 
allowed abnormal coarse grains to grow, and marked poor both in elongation (El) and ductility (n-value), and 
furthermore, their Lankford values ( 7 -value) were low. Test piece No. 24 having B content higher than that 
of the present invention marked low. Lankford value ( f -value). Test piece No. 25 with higher Ti content 
showed low amount of bake-hardening (BH), and therefrom abnormal coarse grains grew up. Test piece No. 
6 having C content out of the scope of the present invention had high amount of bake-hardening (BH), but 
marked low in Lankford value ( r -value)' as well as in ductility (n-value), and, in addition, its anti-aging 
property was poor. 
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Hot-rolling 


Cold-rolling 


Continuous 


annealing 




Finishing 


Coiling 


Cold Reduction 


Annealing 


Annealing 




Temp.( p C) 


Temp.(°C) 


Ratio (%) 


Temp.(°C) 


Time(min. ) 


20 


910 


560 


80 


800 




21 
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560 


75 


850 
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75 
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23 
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Claims 

1 . A method for producing cold-rolled steel sheets which comprises the steps of: 
qs hot-rolling the slabs into hot-rolled steel strips 

cold-roiling the hot-rolled steel strips at reduction ratio of 60 to 95% into cold-rolled steel strips; and 
annealing continuously the cold-rolled steel strips at recrystallization temperature to Acs transformation 
point temperature^ 

characterized by the step of 
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selecting slabs comprising the compositions of: 

C : 0.001 to 0.003 wt%; 

N : 0.004 wt% and less; 

Si : 1 .0 wt% and less; 
5 Win: 0.05 to 0.70 wt%; 

P: 0.03 to 0.20 wt.%; 

S : 0.020 wt% and less; and 

Sol. At 0.01 to 0.15 wt.%, 

P (wt.%) x N(wt%) being 3 x 10~ 4 wt.% or less. 
w 2. A method according to claim 1 1 characterized in that the slabs include having the compositions of: 
C : 0.001 to 0.0025 wt.%, and 
N : 0.025 wt% and less. 

3. A method according to claim 1 or 2, characterized in that compositions of P and N of the slabs 
include satisfying the terms of P(wt%) x N(wt.%)£ 2 x 10~ 4 wt.%. 
is 4. A method according to claim 1,2 or 3, characterized in that the slabs include B of 0.0005 to 0.0030 
wt.%. 

5. A method according to any one of claims 1 to 4, characterized in that the slabs include B and Ti 
which satisfy the formulas of * 

B/N + Ti/N 1; and 

20 P(wt%) x {N(wf .%H1 4/11) x B(wL%H1 4/48) H(wt%)}£ 3 x 1 0"* wt.% . . 

6. A method according to any one of claims 1 to 5, characterized in that Si of the slabs includes Si 
containing 0.5 wt% or less. 

7. A method according to any one of claims 1 to 6, characterized in that Mn of the slabs includes being 
0.05 to 0.20 wt.%. 

25 8. A method according to any one of claims 1 to 7, characterized in that the step of hot-rolling includes 
hot-rolling at finishing at Ar3 transformation point temperature to An* transformation point temperature + 
100°C and at coiling temperature of 750°C and less. 

9. A method according to claim 8, characterized in that the coiling temperature includes being 660 °C 
and less. 

30 10. A method according to claim 8, characterized in that the step of hot-rolling includes hot-rolling at 
temperature ranging from Aft transformation point temperature to Aft transformation point temperature + 
60 8 C at coiling temperature of 700°C and less. 

1 1 '. A method according to any one of claims 1 to 1 0, characterized in that the step of cold-rolling 
includes cold-rolling at reduction rate of 75 to 95%. 
35 12. Cold-rolled steel sheets comprising the compositions of: 
Si: 1 .0 wt% and less; 
Mn: 0.05 to 0.70 wt.%; 
P : 0.03 to 0.20 wL%; 
S : 0.020 wt.% and less; and 
40 Sol. Al : 0.01 to 0.15 wt.%, 

characterized by 
C : 0.001 to 0.003 wt.%; 
N : 0.004 wt% and less; 
P(wt%) x N(wt.%) being 3 x 10~ 4 wt.% or less. 
45 13. Cold-roiled steel sheets according to claim 12, characterized in that the compositions include being: 
C : 0.001 to 0.025 wt.%, and 
N : 0.025 wt.% and less. 
14. Cold-rolled steel sheets according to claim 12 or 13, characterized in that P and N the compositions 
include satisfying the terms of P(wt%) x N(wt%) £ 2 x I0~ 4 (wt.%). 
so 15. Cold-rolled steel sheets according to claim 12,13 or 14 f characterized in that compositions includes 
B of 0.0005 to 0.0030 wt.%. 

16. Cold-rolled steel sheets according to any one of claims 12 to 15, characterized in that the 
compositions includes B and Ti satisfy the formulas of: 
B/N + Ti/N £1; and 

55 P(wL%) x {N{ x t%) -(14/11) x B(wt.%) -(14/48) x Ti(wt.%)}£ 3 x 10" 4 wt%. 

• 17. Cold-rolled steel sheets according to any one of claims 12 to 16, characterized in that Si of the 
compositions includes being 0.5% and less. 
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18. Cold-rolled steel sheets according to any one of claims 12 to 17, characterized in that Mn of the 
compositions includes being 0.05 to 0.20 wt.%. 
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